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Introduction
Credit rating agencies (CRAs) provide valuable functions in assessing credit risk and in financial market development (e.g. Coffee, 2006; Bank of England, 2011) . However, "hard- This paper investigates the interaction between sovereign rating news and the equity index option market. This market is typically inhabited by institutional informed traders (see Chakravarty et al., 2004; Chen et al., 2005; Jin et al., 2012) . Much literature identifies that the derivative markets play a leading role in the price discovery process (e.g. Blanco et al., 2005; Acharya and Johnson, 2007; Avino et al., 2013) . Therefore, the dynamics of derivative markets can provide important information regarding the credit quality of underlying entities.
In 2011, the turnover of equity index options traded on organised exchanges over the world was US$ 166 trillion (Bank for International Settlements, 2012) . The equity index option market is the second largest segment of exchange-traded financial derivative markets, after interest rate derivatives. Given the prominence of both derivative markets and CRAs, interesting questions about the interaction between the index option market and credit rating actions can be raised. Such investigations must also consider CRAs' 'through the cycle' rating philosophy, which implies that credit ratings are stable and possibly lag behind option market indicators. 1 Credit ratings are embedded into regulations and investment mandates thus making them more influential. 2 Sudden difficulties caused by rating downgrades because many market participants are forced to sell-off securities that are downgraded below certain rating thresholds. 3 Outlook and watch procedures are expected to alleviate the lag to some extent because they help CRAs to avoid rating reversals and to mitigate the tension between rating accuracy and rating stability.
Volatility is of crucial interest to institutional investors who hold large international diversified portfolios. In terms of economic mechanisms, this paper's analysis is motivated by prior literature on the links between sovereign credit risk and the corporate and financial sectors' overall risk, equity market performance and uncertainty (e.g. Arellano, 2008; Acharya et al., 2014; Bedendo and Colla, 2013; Borensztein et al., 2013; Gennaioli et al., 2014) . This is discussed further in Section 2.2.
To the best of our knowledge, there is no prior investigation of the relationship between credit ratings and option markets. We address a gap in knowledge about the relative information content from the two sources. Moreover, we demonstrate the importance of sovereign rating information in the context of first-mover as well as additional rating signals.
Several robustness checks are performed using non-parametric approaches and Monte Carlo experiments. The paper highlights differences in rating policy and varying influence of rating signals from the largest three CRAs, namely Moody's, S&P, and Fitch.
The main findings are summarised as follows. Firstly, sovereign rating news has a significant impact on the option market in various respects depending on the type of news and across CRAs. Secondly, there is strong evidence of causality between movements in the option market and all types of rating signals from S&P and Fitch, but only actual rating changes from Moody's, thus highlighting differences in rating policies. Moreover, the market reactions to S&P and Moody's signals infer that additional ratings are still informative and help reduce market uncertainty. Such results shed light on the price (credit information) discovery process. Finally, the findings contribute to the debate surrounding the regulation of CRAs and their ratings.
The remainder of the paper is organised as follows. The next section reviews related literature, Section 3 describes the data, Section 4 discusses the research hypotheses and methodologies, Section 5 presents the empirical results and Section 6 concludes the paper.
Literature review

Credit ratings and regulation
The rating industry performs a gate-keeping role for international capital markets (e.g. Coffee, 2006) . Issuers seek ratings to improve the marketability of their financial obligations, and/or to increase their trustworthiness to business counterparties. Investors use ratings as a cost-effective indicator of securities' credit risk. Credit ratings provide three essential economic functions: information production, monitoring, and certification. Firstly, CRAs mitigate the fundamental adverse selection problem between borrowers and investors.
Through the gathering and analysis of data relating to creditworthiness, CRAs mitigate informational asymmetry and adverse selection problems, decrease the risk premium of a debt issue, and hence increase the liquidity of assets (Bank of England, 2011).
Secondly, rating-based guidelines and rules perform a monitoring role and mitigate principal-agent problems. Moreover, by signalling a potential downgrade via negative outlooks or watch lists, CRAs also encourage an issuer to improve its creditworthiness (IMF, 2010) . To the extent that investors respond to rating changes by adjusting their portfolios, such negative rating announcements impose the implicit threat on issuers that failure to act will degrade their ability to refinance in the future.
Thirdly, CRAs provide a certification function for fund managers, regulators, central banks, and other market participants in distinguishing between securities with different risk characteristics, and specifying terms and conditions in financial contracts (IMF, 2010) .
Examples of credit ratings' certification function can be found in many aspects of investments (e.g. Cantor et al., 2007) . The certification function is found in regulatory capital requirements for insurance firms (Campbell and Taksler, 2003; Coffee, 2006) , commercial banks and other financial institutions (Basel Committee on Banking Supervision, 2011), and in the US SEC's regulatory references (see SEC 2011a, b).
The fact that credit ratings have been "hard-wired" into regulations has widened their influence. Regulators use credit ratings to restrict public managed funds to invest in debts below certain levels of credit ratings, usually the investment-speculative threshold. The motivations for using credit ratings as an instrument for market regulation are: (i) aiming at financial soundness via establishing prudential minimum credit quality for portfolio holdings (e.g. IMF, 2010; White, 2010) ; (ii) encouraging a minimum credit quality of securities issuance to protect investors (e.g. Coffee, 2006) .
CRAs have faced extensive scrutiny for being too lax in rating structured securities, and this is widely regarded as a contributing factor to the US subprime crisis (e.g. White, 2010; Bank of England, 2011 
Economic and market impact of sovereign ratings
Prior literature shows that sovereign credit risk can spill-over to corporate and financial sectors, cross-border investments, and the national economy in numerous ways. Arellano (2008) shows that a sovereign default triggers significant surges in the volatilities of interest rates, consumption and output. Borensztein el al. (2013) and Bedendo and Colla (2013) show that corporate credit risk and borrowing costs are strongly correlated with the evolution of sovereign credit risk. Bedendo and Colla (2013) suggest that a government in financial distress is more likely to "transfer risk" to corporates by increasing taxation, imposing foreign exchange controls, or expropriating private investments. Acharya et al. (2014) illustrate a strong relation between sovereign and banks' risks.
Deterioration in sovereign creditworthiness significantly triggers increases in banks' risks not only because of their large holdings of government bonds but also due to the reduction in the value of government guarantees to banks. For example, in 2011-2012, numerous European banks were downgraded by CRAs who explained these downgrades by deteriorations in their governments' financial capacities and willingness to bailout these entities. Moreover, the Committee on the Global Financial System (2011) highlights how the European sovereign debt crisis affected banks' ability to raise funding. Collateral damage, risk aversion, and crowding-out effects are crucial channels via which deteriorations in sovereign creditworthiness strain banks' funding conditions. The funding difficulties, in turn, force the banks to squeeze the credit supply for the economy and consequently threaten the prospects of the national economy (Gennaioli et al., 2014) .
Another strand of literature presents evidence that sovereign credit rating actions are influential in many financial markets. Sovereign credit ratings are a major factor influencing sovereign yield spreads (e.g. Afonso et al., 2012) . Generally, the impact of rating news in the debt market is asymmetric. Negative rating news imposes significant impact while the influence of positive actions is much more muted. Moreover, sovereign rating news spills over to other sovereign bond yields (e.g. Gande and Parsley, 2005; Arezki et al., 2011) .
Equity markets are also affected by sovereign rating news in a similar asymmetric manner. Kaminsky and Schmukler (2002) find that rating changes (on emerging sovereigns) affect the rated countries' stock indices. Ferreira and Gama (2007) find that (S&P's) sovereign rating changes of one country impose an asymmetric impact on the stock markets of other countries. Sovereign rating downgrades cause negative reactions whereas upgrades have no significant impact. Arezki et al. (2011) reveal that sovereign downgrades have significant spill-over effects not only across (European) countries but also across financial markets, i.e. sovereign credit default swaps (CDS), banking, insurance, and stock markets, during the period overlapping the European sovereign debt crisis. Alsakka and ap Gwilym (2013) find that both positive and negative credit news affects not only the rated country exchange rate but also spills over to other countries' exchange rates. The market reactions vary across CRAs' signals.
For derivatives markets, prior literature on the impact of rating actions is restricted to examining the CDS market. Norden and Weber (2004) find significant increases in (corporate) CDS spreads in advance of negative (corporate) rating events implying that the CDS market anticipates negative rating events. Results for positive rating events are much less significant. Afonso et al. (2012) find that the CDS market reacts to negative sovereign rating events while the reaction to positive events is much more muted. Additionally, rating downgrades seem to be anticipated by the CDS market.
The above issues suggest that strong economic linkages exist between sovereign rating actions and equity market performance and thus market-wide volatility. However, the relationship between sovereign ratings and equity options (or implied volatility) has been ignored by prior literature. We address a gap in knowledge about the relative information content from the two sources.
Given the prior evidence on the economic links between sovereign risk and uncertainty of the national economy, sovereign rating announcements are expected to impact market participants' risk expectations. However, the option market (or implied volatility) will not necessarily react to negative (positive) rating news in a negative (positive) direction like other financial markets, as evidenced in e.g. Kaminsky and Schmukler (2002) , Gande and Parsley (2005) , Ferreira and Gama (2007) , Arezki et al. (2011) . Brandt (2006, 2009) reveal that scheduled macroeconomic news always reduces financial market uncertainty regardless of whether the news is more negative or more positive compared to prior expectations. 4 The higher ex-ante uncertainty over the content of the macroeconomic news, the larger the drop in the market uncertainty when the news is released.
Of course, credit rating news is not scheduled. However, market participants often consult with multiple CRAs (e.g. Cantor et al., 2007; Bongaerts et al., 2012) . Therefore, it is rational for investors to expect actions from the other CRAs after a rating announcement from a 'first mover' CRA. We, thus, expect variation in the market reaction across CRAs. Prior literature also shows that there are variations in other market reactions to rating news released by different CRAs (e.g. Alsakka and ap Gwilym, 2013) .
The option market is typically inhabited by institutional, informed traders (e.g. Chakravarty et al., 2004; Chen et al., 2005; Jin et al., 2012) . Derivative markets also play a leading role in the price discovery process (e.g. Blanco et al., 2005; Acharya and Johnson, 2007; Avino et al., 2013) . Sovereign credit issues are less opaque to observe compared to those of corporate, banks and other issuers. Therefore, the market reactions of implied volatility to sovereign rating signals could be in either positive or negative directions.
Data
This study is based on an unbalanced panel dataset which covers 24 countries during the period from January 2000 to April 2012. The availability of traded stock index options determines the sample size and sample periods, i.e. we include all countries with data available for stock index options, except for 5 countries without any rating actions during the options sample period (Canada, Malaysia, Norway, Sweden, Switzerland). 5 Table 1 lists the countries and the sample periods.
Credit ratings
Rating information is collected from Moody's, S&P, and Fitch publications. This dataset consists of daily observations of long-term foreign-currency credit ratings, outlook and watch status of sovereigns rated by these three leading CRAs. Fig. 1 presents the distribution of daily ratings of sovereigns for each CRA. None of the 24 sovereigns were rated lower than BBB-(Baa3) by S&P, Fitch, and Moody's during the sample period. About 60% of the daily observations are in the triple-A rating category, and 2%-5%, 4%-7% and around 3.5% are at AA+/Aa1, AA/Aa2 or AA-/Aa3 rating categories. These proportions reflect the developed nature of the sample countries, which obviously coincides with the development of liquid stock index option markets.
We convert sovereign ratings to numerical scores within a 31-point comprehensive credit rating (CCR) scale in order to capture information on both actual ratings and outlook/watch procedures. On the CCR scale, rating symbols are converted as follows:
AAA/Aaa ≡ 31, AA+/Aa1 ≡ 28, AA/Aa2 ≡ 25 ... BBB-/Baa3 ≡ 4, lower than BBB-/Baa3 ≡ 1.
Adjustments for (positive/negative) outlook and watch announcements are made by adding ±1 and ±2, respectively, on the CCR scale.
There is non-linearity in the rating scale, which means that the differences between rating levels are not equal. For example, a downgrade from AAA to AA+ or a downgrade from the investment grade to the junk grade have different implications to a downgrade from A to A-. Historical observations on default rates across rating categories also suggest such non-linearity (see e.g. IMF, 2010 and many others). In order to control for this, we employ a logit-transformation of the rating scale, constructed as follows:
Prior literature has used a logarithm transformation of the rating scale (e.g. Alsakka and ap Gwilym, 2013), but their transformation is different to ours. Their transformation gives the highest weight for rating changes on AAA and near bankruptcy issuers and the lowest weight for rating changes near the investment-speculative boundary. In contrast, our transformation gives greatest weights for rating changes on AAA and those near the investment-speculative threshold.
There are several reasons why we adopt this particular log-transformation of the rating scale. Firstly, the speculative threshold is considered as very critical among rating users. For example, the U.S. Investment Company Act of 1940 restricts pension funds and municipalities to the investment-grade range. Insurance firms also rely heavily on assets with investment-grade ratings because regulatory capital reserves increase significantly for speculative assets (Campbell and Taksler, 2003) . The speculative threshold is one of the most critical concerns to investors (e.g. Cantor et al., 2007; Bongaerts el al., 2012) . Therefore, it is reasonable to assign more weight to rating changes around this threshold. Secondly, there is no rating observation lower than BBB-during the sample period. Thirdly, it is reasonable that rating changes at the top of the scale are also given more weight (e.g. as evidenced by the reactions to sovereign downgrades of France, UK, and USA in 2011-2013). Table 2 ). Table 2 presents the sovereign credit rating events for each CRA. In total, there are 78 (31) by Fitch. Almost all of the rating events are "clean" i.e. are not followed by same direction rating signals from other CRA(s) within at least 1 week. There are only 12 rating events which involve more than one CRA taking action on the same sovereign within one week. This is in support of the view that each CRA has its own policy on rating timeliness and rating stability (e.g. Alsakka and ap Gwilym, 2010) . 6 The majority of rating events are single, whereby they do not involve both a rating downgrade/upgrade and outlook or watch signals, simultaneously. There are only 2/65 rating events made by Moody's, and 1/50 by Fitch which are such multiple-rating events. S&P have released no such multiple-rating events during the sample periods. The majority of rating events are also within 3-point signals in the CCR scale which mean an outlook or watch announcement or a 1-notch downgrade/upgrade in isolation. There are only 3/89 rating events made by S&P, 6/65 by Moody's, 3/50 by Fitch which are multiple-notch downgrades/upgrades.
Implied volatility
Data on 30-day call option-implied volatility (IV) upon the countries' stock indices is collected from DataStream. The primary sources of data on premium, strike price, and maturity of the call options are the exchanges where these options are traded. The IV is estimated via the Black-Scholes model (for European style contracts) and the Cox-RossRubinstein binomial model (for American style contracts). An interpolation is calculated based on four series of call option contracts: two nearest to at-the-money and two nearest to 30-day maturity. We use at-the-money contracts to mitigate the effects of skewness and smile.
7 Also, the 30-day maturity means that the IV estimates short-term expected volatility which coincides with the short-term horizon of the rating watch procedure.
There are 35,683 daily observations of 30-day implied volatility. Market participants value both rating accuracy and stability. Rating stability is appreciated by many market participants, especially regulators, pension funds, mutual funds who often follow passive investment strategies. In these cases, a precisely accurate but wildly volatile rating system induces unbearably high transaction costs. 7 Prior studies show that IVs are usually much higher for deep in the money and deep out of the money option contracts compared to at-the-money contracts, and this is known as the "smile" pattern.
greater than 100% in Hungary (14/01/2003 -16/6/2003 ), Poland (7/2001 , 10-11/2001 , 2-8/2002 , 11/2002 ), and Russia (10/2008 -4/2009 ). All (most) of these observations are associated within 1 month to at least one observation of absolute value of the underlying index return larger than 1% (3%). 54% of the observations are associated with at least one observation of absolute value of the index return larger than 10%. There were nine rating signals on the three sovereigns during these periods. Therefore, we do not exclude these observations in order to avoid possible information loss. Moreover, equivalent empirical investigations based on excluding the 315 observations produce qualitatively similar results (discussed further in Section 5).
Our main interest is in the dynamics of the IV, and 
Hypotheses and methodological framework
Hypothesis I: Influence of rating news in the option market
H0: Credit rating news does not impose a discernable influence on the option market.
Therefore, changes in the IV around any type of rating event are not statistically different from zero.
In this stage, we use a standard event study. The event window is one week before and after rating events in order to mitigate any information contamination. ΔLCCR measures the sovereign credit signals, representing the 1-day change in the log-transformation of the CCR for sovereign i at event date t. CCR is the comprehensive credit rating from each CRA, which is included as an explanatory variable to control for macroeconomic news and other fundamentals of the rated sovereigns (e.g. Prati et al., 2012; Alsakka and ap Gwilym, 2013) . As macroeconomic and other fundamentals are determinants of sovereign ratings, the inclusion of ratings, in addition to country and year dummies, helps control for the likelihood that IV might be more volatile in countries with weak macroeconomic conditions. Thus, including CCR reduces any potential omitted variable bias.
Co and Y are full vectors of country and year dummies. For each country and year in our data, we define one dummy variable. In total, there are 24 country dummies and 13 year dummies (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) .
Estimations of Eq. (1) are based on event days plus a country-matched random sample, drawn from the full sample after excluding non-event observations within the time windows around rating events, in order to mitigate rating clustering and market noise issues (see Ferreira and Gama, 2007) . 13 It is noteworthy that the sample consists of observations on non-consecutive days that may be very distant from each other.
In order to consider varying impacts across CRAs' actions (if any), we estimate Eq.
(1) for each CRA separately. For each CRA, there are three separate estimations for different types of signals (i.e. actual rating, outlook, watch announcements) in order to investigate the asymmetric market behaviour (if any). For ease of interpretation, the absolute value of ∆LCCR is used.
Furthermore, we perform Monte Carlo experiments as robustness checks by repeating the country-matched random sampling 10,000 times. Each time, our sample consists of a number of event observations plus the same number of random non-event observations.
Based on this sample, regressions for the CRAs are run and the averages of estimated coefficients across the 10,000 times are reported (see Gande and Parsley, 2005) .
Hypothesis III: Causality between sovereign rating and IV
H0: Neither sovereign rating actions nor IV changes cause changes in the other variable.
Given the leading role of derivatives markets (Blanco et al., 2005; Acharya and Johnson, 2007; Jin, et al., 2012; Avino et al., 2013) , we expect some evidence that the option market leads rating actions. Nonetheless, the lead-lag relationship between the market and ratings assigned by different CRAs could be different since the timeliness and policies of each CRA are not necessarily the same.
Granger causality tests in a panel framework are conducted by estimating separate regressions of changes in the IV and sovereign ratings, as follows: (k=5, 22, 66) ∆IVi,t denotes daily changes in IV. Consistent with prior literature (e.g. Konstantinidi et al., 2008) , we find that ∆IV is stationary. We employ Augmented Dickey-Fuller, KSS (Kapetanios et al., 2003) and KPSS (Kwiatkowski, et al., 1992) ∆CCR denotes daily changes in the comprehensive credit rating from a given CRA (note that there are limited numbers of rating events during the 12-year sample period). We use ∆CCR instead of ∆LCCR to avoid any possible bias in the lead-lag relationship in the middle of the CCR scale (see Afonso et al., 2012 ), but we provide further evidence on this in Section 5.3. We are interested in the question of whether there are significant market movements prior to rating news or not.
Z is a vector of fundamentals that affect ratings and implied volatility. However, given the fact that daily observations are not available for all the fundamentals, we restrict ΔZ to contain stock market returns 14 (daily log returns of the underlying indices) and changes in CCR from the other two CRAs. Firstly, it is reasonable to include equity markets in models examining the lead-lag behaviour between the option market and credit rating signals due to the fact that the equity market and the option market both play roles in the price discovery process (e.g. Chen et al., 2005) . Given the well-known leverage effect, the stock index return helps control for the fact that credit ratings and the option market do not adjust at the same frequency. Secondly, including lagged values of ratings from other CRAs controls for the fact that both the market participants and CRAs are aware of previous ratings from other CRAs.
Market participants usually consult with multiple ratings (e.g. Cantor et al., 2007; Bongaerts et al., 2012) . There is also evidence of interdependence between CRAs' sovereign ratings (Alsakka and ap Gwilym, 2010) . Therefore, it would be naïve to assume that either the market participants or CRAs are unaware of previous rating actions from other CRAs.
Equations (2) and (3) GMM would imply taking the differences of the differences of ratings, IV, and equity returns which would amplify the noise in the regressions. It should be borne in mind that the frequency of rating changes is much less than those of the market indicators. Taking second differences would lead to two consequences which in turn amplify market noise. Firstly, the gap between the frequencies and variability of rating changes and those of market indicators (i.e. IV and stock returns) would be amplified. Secondly, the leverage effect would be neutralized. In testing the possible causality, we employ log-likelihood tests of the joint significance of all coefficients of lagged values of the IV in Eq. (2) and ratings in Eq. (3). Table 3 presents the results of the event study. Panel A of Table 3 demonstrates an asymmetric pattern in the market reaction to rating signals. Specifically, there are significant responses to rating downgrades while the market impact of upgrades is muted. These reactions are confirmed by each testing procedure. Within a week following downgrades, the IV on average reduces by 2.4 percentage points. This is similar to findings in prior literature on the impact of rating signals in other markets in the sense that upgrades generally do not trigger significant reactions from financial markets (Kaminsky and Schmukler, 2002; Gande and Parsley, 2005; Ferreira and Gama, 2007) . However, the reduction in IV in response to downgrades is unexpected. Why does the option market consider an equity market in a recently downgraded country (i.e. a lower creditworthiness), to be less uncertain? One possible justification is that the market anticipates credit problems in advance and rating downgrades might serve as means of confirming the market anticipation (see Beber and Brandt, 2006) . However, there is no evidence that upgrades and downgrades are anticipated by the market within the prior week. Rating upgrades (downgrades) might be anticipated further in advance. Increasing the length of time windows could answer the question.
Empirical results
Influence of sovereign rating news in the option market
However, this approach encounters a rating clustering problem and reduces the number of (clean event) observations, hence, the power of the tests. The later methodology relaxes this constraint.
Results from rating outlook signals are presented in Panel B of Table 3 . There is no evidence that positive outlook signals induce market reactions. For the negative outlook signals, the non-parametric tests present significant evidence that the IV on average decreases by 1.3 percentage points within the subsequent week. Again, the IV reduces in response to negative rating news. The reaction is not immediate but within a short period. The evidence supports the previous conjecture about the confirmation effects of rating news.
Panel C of Table 3 presents results from rating watch signals. The IV significantly increases by 1.6 percentage points at the time of both positive and negative watchlist signals.
The response to negative watch news is short-lived while the market seems to overreact to positive watch announcements, i.e. the IV reduces by 2.5 percentage points during the following week. Although outlook and watch are monitoring procedures, watchlist is a much stronger statement and CRAs aim at a short-term horizon in resolving the watch status. This contributes to explaining the greater relevance of watch announcements to 30-day IV.
One interesting remark on Table 3 is that only watch announcements trigger immediate market responses. The responses are of the same sign, i.e. IV increases, regardless of the sign of watch announcements. In contrast, downgrades induce positive (but not immediate) market reactions, i.e. IV decreases, implying a confirmation effect of actual rating changes. The results suggest that the information content of rating signals for the option market depends on signal types rather than whether they are positive or negative.
Varying responses to CRAs' signals
Tables 4 to 6 report the estimated coefficients of Equation (1) 16 S&P never put a sovereign issuer on watch for possible upgrade during the sample period. All the positive watch actions in the S&P sample are confirming actual ratings after being on watch for possible downgrades.
market. Downgrades and upgrades impact the market in opposite manners. In cases of downgrades, the coefficient of ΔLCCR is significantly greater than zero implying that S&P's downgrades trigger an increase in the IV. The magnitude of the increase depends not only on the magnitude of rating downgrades but also the current level of sovereign ratings. The IV, on average, increases by 3.8 percentage points in response to 1-notch downgrades on AAA sovereigns (1.488*0.0258). The IV decreases by 3.4 percentage points in response to a 1-notch upgrade of a sovereign to AAA (1.488*0.0227).
Negative outlook/watch announcements increase the IV while positive outlooks reduce the market uncertainty relating to rated sovereigns' equity markets. The magnitude of the market reactions to positive outlook news is less than for negative outlook. In response to negative outlook news on an AAA sovereign, the IV increases 1.7 percentage points (0.726*0.0228). The reactions to negative watch signals are stronger, whereby the IV increases 2.5 percentage points (1.165*0.0216). Coefficients of CCR are generally insignificant, which infers that the current level of creditworthiness does not help to explain the dynamics of IV. In other words, the option market already subsumes current financial, macro-economic fundamentals of the rated sovereigns, which is consistent with the view that the evolution of implied volatility cannot be forecasted (e.g. Konstantinidi et al., 2008; Jiang and Tian, 2012) . Table 5 reports the results of Equation (1) Other results are similar to Table 4 . Specifically, coefficients of CCR are generally insignificant in explaining changes in IV and strong market reactions are found only during one time window. Table 6 reports the results of Equation (1) In summary, there is significant evidence that sovereign credit rating signals induce reactions in the option market. There is also an asymmetric pattern in the market reactions.
However, the asymmetry is not only between negative and positive rating news but also across CRAs. The influence of Fitch rating changes is less significant. This is consistent with Bongaerts et al. (2012) who reveal that Fitch plays a 'tiebreaker' role when there is a split between Moody's and S&P around the investment-speculative threshold. 17 All sovereigns in our sample are rated at investment-grade (by Moody's and S&P), which could explain the limited impact of Fitch upgrades. The results for Fitch downgrades imply that even downgrades from the 'tiebreaker' do matter and reduce the market uncertainty. This leads to a possible argument that additional ratings are likely to reduce market uncertainty. To some extent, this is in line with Brandt (2006, 2009) who reveal that scheduled macroeconomic news always reduces market uncertainty (even when news is more negative than prior expectations). Of course, sovereign rating news is not scheduled. However, because market participants usually consult with multiple CRAs (e.g. Cantor et al., 2007; Bongaerts et al., 2012) , it is rational for investors to expect actions from the other CRAs after a downgrade from a 'first mover' CRA. In order to further clarify the argument, we re-specify our investigations by including dummies indicating whether a rating event widens or narrows the rating split between each pair of the CRAs. However, there is a lack of variation in the dummies indicating the split changes between Moody's and S&P in each type of rating news, i.e. downgrades, upgrades (as analysed above). Therefore, it is only meaningful to re-specify the investigations on Fitch Overall, these findings support the 'information producing' role of credit ratings both in the context of 'first mover' as well as additional ratings. Taken together, the results stress the importance of credit ratings, especially multiple ratings, because additional ratings are likely to reduce the market uncertainty. Table 8 presents the results of Equations (2) and (3). The causality between movements of the option-implied volatility and sovereign rating signals varies across CRAs. There is highly significant evidence of relationships between S&P and Fitch signals and the option market. In contrast, Moody's signals exhibit no causality in either direction.
Lead-lag relationship between implied volatility and credit ratings
For S&P, the evidence that changes in IV Granger-cause sovereign rating news is stronger than that of the reverse relationship. ∆IV Granger-causes sovereign rating news for each lag length (i.e. within 1 week, 1 month, and 3 months). Meanwhile, S&P rating news only Granger-causes ∆IV for lags within 3 months. The findings are in line with prior papers researching rating anticipation by the CDS market (Norden and Weber, 2004; Afonso et al., 2012) in the sense that rating changes could be anticipated by the derivative market. 20 The results from Fitch demonstrate stronger implications (than from S&P) that movements of the IV Granger-cause rating news instead of vice versa. Specifically, there is no significant evidence that Fitch signals Granger-cause ∆IV even for lags within 3 months while there is significant evidence that ∆IV Granger-causes Fitch rating actions for lags within 1 month and within 3 months. However, we fail to reject the null hypothesis that either ∆IV or Fitch signals leads each other in the very short-term, i.e. lags within 1 week. In general, the evidence for S&P and Fitch supports the view that changes in option-implied volatility help explain changes in creditworthiness of underlying entities which is, to some extent, consistent with prior papers (e.g. Collin-Dufresne et al., 2001; Cao et al., 2010) .
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There is no significant evidence of the causality or lead-lag relationship between ∆IV and Moody's actions, even for lags up to 3 months. Among the CRAs, Moody's explicitly provide details on the methodologies of their market implied ratings, e.g. Moody's KMV TM which incorporates information from the option market. Therefore, it is hard to argue that Moody's is unaware of the market movements. However, Moody's actions are not following market movements. In other words, Moody's ratings are tardy compared to those from S&P and Fitch. One logical explanation could be Moody's following a policy of rating stability.
In order to further clarify the above argument, we re-estimate Equations (2) and (3) based on information of actual rating changes and outlook/watch signals, separately. There is significant evidence that ∆IV Granger-causes Moody's actual rating changes for lags up to 3 months, but not vice versa. There is no significant evidence that either ∆IV or Moody's outlook/watch signals Granger-cause each other for all lags. There is strongly significant evidence that both ∆IV and S&P outlook/watch signals Granger-cause each other for all lags.
There is also strongly significant evidence that ∆IV Granger-causes Fitch outlook/watch signals, but not vice versa (results available upon request). The results imply that S&P and Fitch are likely to focus on rating accuracy while Moody's results are consistent with a greater emphasis on rating stability.
Furthermore, we conduct equivalent causality investigations using ∆LCCR (instead ∆CCR) in Equations (2) and (3). The results (available upon request) are qualitatively different. Specifically, the null hypothesis that ΔIV does not Granger-cause ∆LCCR cannot be rejected (even at the 10% significance level). This is true except only for Fitch at lags k = 66. Movements in the option market Granger-cause rating changes in the linear scale.
However, this causality relationship is insignificant when the non-linearity of the rating scale is taken into account (i.e. there is no evidence that stronger movements happen prior to rating news on AAA-rated issuers or those rated near the speculative threshold). This implies that the market is aware of credit issues in advance of rating events, yet the magnitude of the credit issues remains uncertain, especially for issuers at the top and bottom of the investmentgrade spectrum.
Discussion of results
All sovereigns in our sample are rated at the investment-grade (by each CRA) and many of them are categorised as developed economies. Such economies are usually characterised by informational transparency, which contributes to the possibility that the creditworthiness of these sovereigns is likely to be observable by financial market participants. As a result, rating changes are more likely to be led by market indicators, such as IV. The results shed light on the price (credit quality information) discovery process. The causal relationships suggest that the process is not simply one way, but also cannot dismiss the importance of rating news. Credit rating signals (especially from S&P and Moody's) significantly influence IV.
An interesting question over the informational content of rating news can be raised. If the IV leads rating news, the informational content of the news would be subsumed in the IV.
Therefore, there should be no reaction found on and/or after the announcements of the news.
Nonetheless, reactions to S&P and Moody's rating news are found to be significant (Tables 4,   5 , and 7). The result implies that a significant part of the informational content of rating signals remains until their announcements, even for those led by the option market. Along with the finding that additional ratings are likely to reduce the market uncertainty, the results stress the importance and relevance of sovereign ratings to market sentiment.
In order to check the robustness of our findings against extreme observations, we have also conducted equivalent empirical investigations based on excluding the 315 extreme observations (mentioned in Section 3.2). The results are qualitatively similar. Specifically, the findings of the event study and investigations of varying market responses to individual CRAs' signals do not change. There are only two changes in the lead-lag investigations which do not alter our main findings and conclusions.
Conclusions
This paper investigates the interaction between the stock index option market and Table 2 Rating events
This table reports numbers of rating events released by the CRAs during the sample periods. Columns (1), (2), (3) report numbers of positive, negative, and total rating signals from S&P, respectively. Similarly, columns (4) to (9) report corresponding numbers from Moody's and Fitch. (10) = (1) + (4) + (7); (11) Only 'clean' events from all CRAs are used. IV  reports mean value of changes in the IV during the time windows in percentage points. Cases in bold denote significance at least at 10% level in both 2-sided t-test and either of 2-sided non-parametric tests. *, ** denotes significant in t-test at 10%, 5% level of significance. † denotes significant in the non-parametric tests and not in the t-test. See Tables 1 and 2 for details on the data sample. The reason for mis-matches in no. of events compared to columns 10 and 11 of Table 2 is the absence of unclean events.
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This table reports the results of estimations of Equation (1) with Huber-White robust standard errors. For the ease of interpretation, absolute value of ∆LCCR is used. p-values are reported in parentheses. *, ** denote significant at 10%, 5% level of significance. Country-matched random sampling from the full sample is used. See Tables 1 and 2 for details on the data sample. (1) with Huber-White robust standard errors. For the ease of interpretation, absolute value of ∆LCCR is used. p-values are reported in parentheses. *, ** denote significant at 10%, 5% level of significance. Country-matched random sampling from the full sample is used. See Tables 1 and 2 for details on the data sample. (1) with Huber-White robust standard errors. For the ease of interpretation, absolute value of ∆LCCR is used. p-values are reported in parentheses. *, ** denote significant at 10%, 5% level of significance. Country-matched random sampling from the full sample is used. See Tables 1 and 2 for details on the data sample. (2) and (3). LR reports the log-likelihood ratio from the tests of null hypothesis that ∆IV (Rating actions) do not cause Rating actions (∆IV). p-val. reports the p-values from the tests. **, *** denote significance at 5%, 1% levels. See Tables 1 and 2 for details on the data sample. 54% of the observations are associated with at least one observation of absolute value of the index return larger than 10%. These were periods of turbulence in the three countries. There were nine rating signals on these three sovereigns during the periods. observations where ∆IV is more than 20%. All (most) of them are associated within 1 month to at least one observation of absolute value of underlying index return larger than 1% (5%). 
